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Abstract. A small infectious micro-organism that able to replicate only inside the living cells is named as viruses, which 
are also the most abundant life form on the earth. These subcellular organisms can be classified into four groups ; 
animal, plant, archaea and bacteria viruses. Among them, bacteria viruses or also known as bacteriophages have the 
highest numbers with the  total estimation of 1031 .  The fact is that, until today only ~ 6,000 types of phages have 
been discovered since 1959 (ICTV report, 2011). Therefore, there are lots of new phages waiting to be discovered. 
Partial genomic studies have been conducted on a potential new bacteriophage isolated from goat faeces. Thus, to fulfil 
the objective of this study genomic characterization was carried out to discover more genomic details in order to reveal 
the true identity of the newly isolated phage . As first part of the analysis, phage genome was extracted to identify the 
phage's genome type and to estimate the genome size. Along with that, the extracted genome was used to proceed 
with the genome profiling and also for  partial genome sequencing analysis. Based on the genomic analysis, the results 
showed the isolated phage carries DNA as it genetic material with the size of genome around 30-40kbp. Besides that, 
this phage produced different genomic profile in comparison with other known phages such as Lambda, T4 and T7 
phages when digest with the same restriction enzymes. Besides that, based on partial genome sequencing and results 
run against NCBI database, this newly isolated phage might be related with another newly isolated phage known as 
Sodalis phage SO-1. As far as the genomic data collected, an assumption can be made that this isolated phage could be 
a new addition to the list of viruses in International Committee on Taxonomy of Viruses (ICTV) database. 
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Introduction  
Based on the International Committee on Taxonomy of Viruses (ICTV) report, viruses are 
widely distributed in environmental ecosystem and play major roles in the ecological balance of 
the microbial life forms. Viruses could be found almost everywhere, in fact wherever cellular life 
could be found, viruses also could be found (2,9). Among the major types of viruses; 
bacteriophages have the highest numbers with the total estimation of 1031 . Generally, phages 
could be found everywhere but gastrointestinal ruminants' is a favourable habitat for them. 
Huge populations of bacteriophages could be found in gastrointestinal ruminants' since it 
provides suitable environment and their hosts are plenty in numbers. it is estimated the free 
bacteriophages particles in gastrointestinal of ruminant is about 108 - 1011 per millilitre (5,12). 
 Recently, the current focus in mega diversity is only on flora and fauna while the 
microbial communities are left undisturbed. But the reality is that the microbial community is 
closely related to flora and fauna that cannot be separated for the existence of cellular life (3). 
Among Asian countries, Malaysia is known to be one of the countries loaded with mega 
biodiversity of its flora and fauna, as well as , its microbial communities which viruses are 
included as well (8).Taking advantages of Malaysia being a mega biodiversity country, the 
possibility for phage communities would be much diverse as well, has grab the interest to study 
phages. The fact is that, until today only ~ 6,000 types of phages have been discovered since 
1959 and 96% of them are tailed phages (1, ICTV report, 2011). Besides that, bacteriophages 
have many beneficial applications not only in the field of medicine but also in agriculture, fishery 
and environment (4). 
 The work preset in this paper could contribute to the growing list of phages in ICTV 
database since there are a lot of phages waiting to be discovered. Thus, the objective of this 
paper is to characterize a potentially new bacteriophage based on genomic approach. 
 
Materials and Methods  
Extraction of phage genome 
All the molecular work was done based on the standard procedure  (7,13). The phage 
genome was extracted using phenol: chloroform technique. A volume of 2 µl of RNase A and 
DNase I each at final concentration of 1mg/mL were added into half of the total volume of the 
phage stock suspension. The lysate incubated with these nucleases at 37°C for 30 min. An equal 
amount of organic solution (phenol :chloroform: isoamyl alcohol 25:24:1) added and the mix 
was centrifuged at 11,000 rpm x 15 min at room temperature. As the centrifugation completed 
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the upper aqueous layer transferred into new 1.5 mL tube and the above step three was 
repeated 3 times. Next, an equal amount of chloroform was mixed well with the upper aqueos 
layer the mixture was centrifuged again at 14,000 rpm for 10 min at room temperature the 
upper aqueous layer was transferred into new 1.5 mL tube and equal volume of ice cold 
isopropanyl alcohol was added. The mixture was well mixed and incubated at -20°C overnight. 
After the overnight incubation, the mixture was spin at 14,000 rpm for 20 min at room 
temperature. The supernatant was decanted and the pellet was washed with a volume of 0.7 mL 
of ice cold ethyl alcohol (70% ethanol). Following centrifugation at 14,000 rpm for 10 min, the 
pellet was air-dried and dissolved in 20 - 30µl of Nuclease Free water. 
Phage Genome Identification and Size Estimation  
Three tubes (1.5 mL) were labelled as Tube 1, Tube 2 and Tube 3 respectively. In Tube 
1, 4µl of phage genome and 1µl of DNase 1 was mixed.  In Tube 2, 4µl of phage genome and 
1µl of RNase A was mixed. In Tube 3, 4µl of phage genome and 1µl of ddH2O was mixed. All 
these 3 tubes were incubated in 37°C for 30 minutes. Among these 3 tubes, Tube 3 serves as 
the control. After the incubation period, 1 µl of 6x loading dye was mixed in each tube before 
load the samples into the 0.7% agarose gel well. Electrophoresis process was run at 70 volt for 
1 hour. After the 1 hour process, the gel was stained with ETBR and observed under UV using 
the Gene snapper. As for genome size estimation step, the isolated phage genome was 
restricted with restriction enzyme EcoRV. 1µl extracted viral genome digested with 0.5 µl of 
restriction enzyme and incubated in water bath at 37°C. After the 3 hours of incubation period, 
electrophoresis was done as mentioned above. 
Genomic Comparison 
The newly isolated phage genome was restricted with few restriction enzymes and 
compared with known phages' genome which were Lambda and T4 phages. All the phages were 
digested using same restriction enzymes and the resulting genomic profile was compared. 1 µl 
volume the extracted viral genome individually digested with 3 types of restriction enzymes 
(PstI, HindIII and EcoRV). After 3 hours of incubation in water bath at 37°C, the sample was run 
on 1% agarose gel at 70kV for one hour, stained with ETBR and observed under UV using Gene 
Tool from the SynGene program (Synoptics Ltd. BioSynTech).   
Partial Genome Sequencing 
 Viral genome was cloned into pUC18 cloning vector and transformed using JM 109 E.coli 
competent cells. All the steps used in this partial genome sequencing part was done based on 
the standard procedure (12,13). The steps aiming for sequencing are as below: 
(A) Preparation of phage genome and pUC18 plasmid  
  pUC18 plasmid was extracted based on supplier recommended protocol (Promega 
Corporation, Modison ,WI,USA). Both the phage genome and pUC18 plasmid were digested with 
respective restriction enzymes. Phage genome was digested with EcoRV while pUC18 plasmid 
was digested with Sma1. Digested pUC18 plasmid was treated with SAP (Shrimp Alkaline 
Phophatase) to increase ligation efficiency.   
(B) Ligation of phage genome into pUC18 vector 
 Viral genome was ligated with pUC18 plasmid in a process called ligation. The important 
factor in this step is the ratio between the insert and vector. To obtain a good ligation result 
varies ratios were tested. The components that needed for ligation process are vector (pUC18 
plasmid), insert (viral genome),T4 DNA ligase, 2x rapid ligation buffer and ddH2O . The amount 
of the vector and insert adjusted depending upon the ligation ratio. The final total volume of 
ligation mixture should be 10µl. Then, ligation mixture was incubated at room temperature for 
1-2 hours. Few vector : insert ratios were experimented to obtain good ligation result. The 
tested ratios were 1 : 4, 1 : 6, 1 : 8 and 4 : 1. 
(C) Transformation with JM109 
 Following ligation of insert into vector, transformation was performed. As 1st step, ligation 
mixture was mixed well with the competent cells (JM109). Then, the mixed well mixture 
incubated in ice  After the ice treatment, heat shock  was given for the mixture. Once done with 
the heat shock, 500 µℓ - 900 µℓ of LB broth was pipette into the treated ligation mixture. Later, 
the mixture was shake at ~150rpm for 2 hours. After 2 hours have completed, 100 µℓ of the 
mixture was plated on top of LB plate that consists ampicilin (50mg/ml), 0.1M IPTG and X-gal. 
Finally, the plates were incubated at 37°C for 24 hours. After the 24 hours of incubation time 
blue and white colonies should be observed.   
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(D) Colony PCR for transformed colonies 
            Theoretically, the ligated insert will turned into white colonies upon this screening. 
Therefore, for the colony PCR process a single white colony was picked by using a sterile 
toothpick and mixed with PCR components in sterile PCR tubes. The PCR mixture conditions 
fixed after several times of optimization. Successfully amplified PCR products were purified and 
send for sequencing. As  sequencing results were run against National Center for Biotechnology 
Information (NCBI) database to identify the percentage of similarity with known bacteriophages.  
(E) PCR with specifically designed primers 
            Based on the sequencing results specific forward and reverse primers were designed. In 
total 6 sets of primers were designed and all of the primers were designed as it fulfilled the basic 
criteria of primers. Using the phage genome as the template, PCR was conducted in order to 
verify the successful transformed colonies were originated from the phage genome. The PCR 
mixture and temperature conditions were used as for the colony PCR.  
(F) Sequencing of PCR product and NCBI Blast 
             The successfully amplified PCR product using the specifically designed primers were 
send for sequencing. Finally, the sequencing results were run against National Center for 
Biotechnology Information (NCBI) database to compare the similarity with other known phages. 
 
Results and Discussion  
Genome identification 
The 0.7% agarose gel picture in Figure 1 show in detail of the result obtained. It shows 
the phage genome is a DNA genome. This is because, when the genome was treated with DNase 
1, it was washed out and no band can be observed. Where else, when the genome was treated 
with RNase A, a clear band can be observed. By theory, when DNA genome treated with DNase 
1 it will immediately cut off or wash out the genome. It same goes to RNA genome treated with 
RNase A. So, based on theory and practical work done, it can be confirmed that this phage is 
DNA genome.  
 
                1           2             3                          1  2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estimated genome size 
Based on the 0.7% agarose gel picture, the isolated phage genome size was estimated to 
be around 31,363bp (31.363kb)  after the phage genome restricted with EcoRV (Figure 2). The 
calculation was done based on the Rf value. The sizes of the DNA fragments were estimated 
based on Rf value and corresponding molecular weight on standard (not shown in paper). The 
sizes of  the DNA fragments were approximately 6.295kb, 5.420kb, 4.655kb, 3.707kb, 3.177kb, 
2.742kb, 2.350kb, 1.738kb and 1.279kb. 
 
Figure1:Agarose gel electrophoresis for genome 
identification. Isolated phage’s genome was subjected 
to either DNase or RNase and run on 0.7% gel. Lane 
1: Untreated phage genome (control), Lane 2: treated 
phage genome with RNase A and Lane 3: treated 
phage genome with DNase 1. 
Figure 2: Agarose gel electrophoresis picture of digested 
phage genome on 0.7% gel. Lane 1: 1kb DNA 
ladder/marker and Lane 2: purified DNA fragment. 
Phage genome was subjected to EcoRV digestion and 
produced 9 bands varying from ~ 6kb to ~ 1kb. 
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Restriction genome analysis 
This analysis was carried out with the motive to identify the genomic profile of the 
isolated phage and also to compare with the known phages genomic profile. Based on digestion 
pattern results,  there were differences with the newly isolated phage in comparison with T4 and 
Lambda phages genomic profile. The genomic profile of these 3 different phages can be viewed 
clearly on gel picture as in Figure 3. The results clearly show that the isolated phage is different 
from T4,  and Lambda phages. The basis, the isolated phage was compared with T4 and Lambda 
phages because all lies under same group that are tailed phages. Besides that, T4 and Lambda 
phages are well studied phages that are reliable to be used for comparison. 
              1   2    3  4   5   6   7  8   9  10  1112 13 14 15 16 
 
 
 
 
 
 
 
Purified PCR product with specifically designed primers  
            Among the 6 sets of specifically designed  primers ( forward and reverse), PCR process 
only with set 1(F & R) primers and set 4 primers (F &R) were successfully amplified. 
Amplification with the rest sets of primers were failed due to failure in PCR condition 
optimization. The purified PCR products are shown  in 1% agarose gel picture (Figure 4) below: 
1     2    3      4     5      6     7 
 
 
 
 
 
 
 
Figure 3:  0.7% agarose gel electrophoresis picture of phage genomes digested with different restriction 
enzymes. Lane 1,2 and 3, uncut genome of unknown phage, T4 ad Lambda respectively; lane 4, Lambda 
HindIII DNA marker; lane 5,6 and 7,  unknown phage, T4 phage and Lambda phage digested with PstI 
respectively; lane 8,1kb DNA ladder; lane 9,10 and 11, unknown phage, T4 phage and Lambda phage 
digested with EcoRV; lane 12,1kb DNA ladder; lane 13,14 and 15, unknown phage, T4 phage and Lambda 
phage digested with HindIII; lane 16, 1kb DNA marker. 
Figure 4:  1% agarose gel electrophoresis of purified PCR product with specifically designed primers. 
Lane 1, 1kb DNA ladder; lane 2 and 4,  PCR product with set 1 (F&R) primers; lane 6, PCR product 
with set 4 (F&R) primers; lane 7, 1kb DNA ladder 
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Partial sequencing results of PCR product 
 The attempt to sequence the purified PCR product done using phage genome (as 
template) and specifically designed primers were successful. The successfully sequenced results 
below were run against the NCBI database. The sequencing result showed some percentage of 
similarity with Sodalis phage SO-1. The result of sequence significant alignments are shown 
below. 
i) PCR product with set 1 reverse primer (1255bp) 
TGGAGGCGTGAGTCGATGATACACTTATTTGCGTGTGACTCTGTTTCTCCCGCCGCCGTTGCCGGTTCCCTAGTTGAT
GAACGTTCCTTCTTTCCCTAAGCGCCAACCTCTCGGGCTGCCGCCATACTTATTAGATTGCAGCGTGTCCGTGATCTGG
AACAAGTTGATAGTCGCGTCCTTGATGCGTGCCCTGTTTCTATACACCGCGCCGCTTTCCGGTATAAACCCGGACCAA
AGCTGTCCGTTCTATGGGTGCCTGATGTGTAACTGGTCCCCCTGGCACGCTATGCAGGATTTAGCCGGCCCACCTTCC
TCAACACCAAACGGCTGGCTACCGTCGTCACAATATCTCCCTTTATACGTCCCGCCTCCCCGACAAGTGATCTGGGCA
CTGCCACAACACTGTCTAAGCGAGGACGTCTTCTTCTGCTCAATACCAATAGACTGCTGATCAAACTGGGTCTCGACTT
GAGTCTTAAATTCTTCCACCGCTGCCGCACCGTCTGCTGTTGGCGTTTGAACCTGCTGGATGGCGGCTTCCTGTTATTT
CAACTTAACGGCGACTAATTGCTGATACTGATATTAACGCTTGTTCCTGTGTGCTCTGTGCGGTCTGCAACGTGTGGAT
CGCCCCTTCCGCGTTTTCAAGTCTGGAGACGATCAGCGTCTACAACTGAGTGACTGTCTTGTGGGCGTCCGCCACCGC
GGTATACACGACCGAGATTTTCGCCTGAATATCCTTGTACTCCGCGCGCGCATTTGAACAATTGCTGCGCATCGGTGA
GCATCGTGTCTTAAATAACCTGCGGGATCGAAGGTCATTGCTTCCTGGAATAACTTTACAATCATCACAAATCCGAAAT
TCGTCCTTCACCCCATTTTGGTAATCTGCAACCATATCACTCATGTGACCCACAAATCGTGCCGACCAGTCGAACACGT
TACAGATTTTATCCGCTACGCGTGCTTCTTACTGCTGGTATATGCCCTAGCTCAGGAGAACTCTGAGACGTCTCCTTGA
CTAGGATATGGACCGTTTGTTGAGCATATCTCGTTTCCGGTATCCACCTCGGCCAGCCGGACTTCACTGTCGGCTCAG
AGTAGAGCCGCCGGTGAGTTCTTGTGGTACCACTACCTCAAAGGGCTCGGTGAGAGCCAGTATCGACGTTCGGGAGG
ATGATTGATGCTGCAGCGCACCGAAGGCAACCATTCACCGAGGGTAATCATCGGGAAAGAGCATGCCTCACGCGGTA
GT 
Accession Description 
Max 
score  
Total 
score  
Query 
coverage  
E 
value  
Max 
ident  
 
GQ502199.1 
Sodalis phage SO-1, complete 
genome 
410 410 68% 1e-110 71%  
ii) PCR product with set 4 forward primer (765bp) 
AGAATGCGGCGGAATCGGAGATATGAAACGGCGGCCCAGGCCGTCGCCCATCACTTGCAGATCGCCGATCGCGAATA
CCTGCTCGGCGGAAGGGAGCGCCTGGTAAGCAATGAAGTTTGCCCAGGTAACGCCGTCCATAAACCAGGATTTAATC
AAAGACGCCTGATCGCCGAACTTACAAACCGCCCGCGGGAAGTCTGCCAGGGTTGGGAAGGTACCACCGCCAACGCC
GTCAACGCGCGCCGGTTGGGTGTAGTTTGCCGCTGTGTTGCTTTCAATAGCGGCTTTGCCCGCACCGATACCAGCCTT
CAGGTAATGCATCATAATCGCTTGAGTACCCTGTGCCGCAATCTCCGCCGCAACGCTGTTAACGTTGGTTTCGATCTTA
GCCATCATGGCCTTCGTGATTGCTACCGGACCCACTTTCGCGGAAAGGTTAACGGAGTTGGTCAGCATACGCGCCAG
CACTTTTGCGGTCGCCGGAGTACCTACCGGGGCATAAGCGTTACGGTCGGTAACGAGGTTGGCGAACAAGCCTACGG
ACATTTTTTCTACAACGTCCTTCAACACTTCGCCCGGGCCGAGAACAACAGCGCCGTTAACGGCCGCGTTGAACACAT
TCCGGTTGTCGGGGATCATTTGCGTAACCGCGGTGACGAGTTTACGCTGGACCACTGAAAATACATATCGCAATCCTT
TGAGTTGTGACCATTCGCCCAGTATTGTTAATGTTACCTTAGATTTACGCGCCTGCAAAATCGCACG 
Accession Description 
Max 
score  
Total 
score  
Query 
coverage  
E 
value  
Max ident  
GQ502199.
1 
 Sodalis phage SO-1, complete      
genome 
1013 1013 98% 0.0 91%  
iii) PCR product with set 4 reverse primer (1302bp) 
TGGATAAGGTACGCACTACGTTCCGCGCAACAGACCTGTGCATACCTTCCTGGTACTCACCTCCCTTTATACATGTCGC
CACCCTTAAGACTGCCCGTGGCGCTGCCACCAGGATGGTCAAACGACGACGTCGTCTGCCGATCCAATTCGGCAGAC
TGCGGACCGAACTGAGGGCGAACATGGGTCTTATATTCCTTCCGCGCTCCCGCCCTGTCTGCGGATGACGCTTGTACC
TGCTGGATGGCGGCTTCCTGTTCCCCCAACTTAGCGGCAACTGATTGCTGATACTGGGCGAACGCTTGTTCCTGTGTG
CTCTGTGCGGTCTGCAACGAGTGGATCGCCGCTTCCGCGTAATCAAGTCCCGTGCCGATCAACGTCACCTCTTGAGCT
ACCGCCTTGTGGGCGTCCGCCGCCACGTTATACGCGACCGAGATTTCCGCATAAATACCCTTGTACTCGGCGCGGGC
GTTGAACTTTGCTGCGCATCGGTGAGCATCGCCTCGTAAATACCCTGCGGGATCGTGTTGATTGCTTCCTGGAAGCGT
TTACCATCCTCGGAAGTCAAGAACTCGTCGTCAAGCCCCTTCATGTACTCGTCAACTTTGTCACTCACCTGCCCCTCAA
ACGGGGCCGACCACTCCGACAGGTTGCCGATTTTATCCGCTACGCGTGCGCCCAACTGCTGGTATATGCCGAACTCCA
CCGAATTTTGCGCGTACTCCGCGCCAGGATATGGGACGTTTGTTAAGAATTTCCATTCCGTTTCGCCCGTCTTGCGGG
ACTTCAAGCTCGGTGTAAGAGATATCCGTCGCAACGTTGTTGTGGTTCCACTTCCACAAAATCTGGTGAGGCGGAAAT
CGCGTTGGTGATGATTGGTGCTTGAAGATCACAGAGGCAACCTGCCAGAGTGGTGATCGCGAATGAAGGCCAGGTGA
GGAAAATGGCCCATGCCACATGAGCGGACGCGATGCACTGAGTAGCTTGCACGTACGAACGCAGTAAAGAATGCTGC
GCAGCATTCAATCGACACTGCTCCCGCATAGTCACTTCACGTACGTCGACTCGCATCTGCGATTGCCAATACTACTGAA
TGCATCGCTACGTCCCCCACTAGCATGTCATACACGCGCAATCTTCGATCGCTGTAAACAACGACTGTCGACGTCGCA
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TGATGACTGGACCTTAGCGGGAAGCTGCATACGAAGTTAGGTCAGGACTCGAGCGCCTACTCCACCGGTCGACTGCG
TAGATCGGAGATCAGGTGCAACGCATTACACGTCTCCACATATATGACTAACGGAG 
Accession Description 
Max 
score  
Total 
score  
Query 
coverage  
E 
value  
Max 
ident  
 
GQ502199.1 
Sodalis phage SO-1, complete 
genome 
913 913 69% 0.0 83%  
 
 
 
Conclusions  
 Based on collected  data so far, it could be concluded that this isolated phage is possible 
to be a new phage and might potential to be registered under ICTV database. According to the 
morphology sizing and genomic identification, this phage probably belongs to Siphoviridae family 
that is placed under Caudovirales order. In evaluation with other phages belongs to Siphoviridae 
family, most of the phages have posse dsDNA with genome size range between 22-121kb (ICTV 
report, 2008).  Furthermore, based on sequencing results run against NCBI database, it was 
revealed that this unknown bacteriophage might be related with a newly isolated phage on 
named Sodalis phage SO-1. This phage was reported to be isolated and registered in early 2010. 
This assumption has been made since a small portion of the sequencing details of this unknown 
phage is also belongs to this Sodalis phage SO-1. Based on NCBI report (accessed on March 
2010), this Sodalis phage SO-1 is also known to be an enteric symbiont of the Tsetse flies. The 
full genome of this Sodalis phage was successfully sequenced on early 2010. But unfortunately, 
only around ~20% of the genes were able to encode for respective proteins, the rest ~80% of 
genes are still unrevealed. With this details an assumption can be made that, the newly isolated 
phage might be related to this Sodalis phage SO-1(Leyla, et al., 2001). But, certainly a complete 
genome sequence and genome organization would give the true identity of this potentially new 
phage. It can be concluded that, the chances for this unknown phage to be a new addition to the 
ICTV database is wide open.     
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